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[57] ABSTRACT

An electrode for semiconductor. element to be directly
connected to the semiconductor region of a semicon-
ductor element is substantially shaped in a square col-

umn. When the length of one side of the surface in

contact with the semiconductor region in said electrode
is defined as L, the length of the other side as W, and the
length in the direction crossed substantially vertically to
said surface as H, the L, W, H satisfy the relationship of
L>H>W. |

6 Claims, 12 Drawing Sheets
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ELECTRODE HAVING AN IMPROVED
CONFIGURATION FOR A SEMICONDUCTOR
- ELEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a semiconductor integrated
circuit such as a memory, photoelectric converting
device or signal processing device to be mounted on
various electronic instruments, and particularly to its
electrode structure.

2. Related Background Art

- In recent years, there has been an interest in making a
semiconductor circuit device highly integrated, for
example to provide a practical application of a semicon-
ductor functional element finely worked such as the
development of an MOS transistor with a gate length of
submicron order. More specifically, in the case of an
MOS transistor with a gate length of 0.8 um, the area
occupied by the element is about 20 um?2, having a
structure suitable for higher integration.

However, even if the semiconductor functional ele-
ment may be made finer effecting higher integration, it
has been difficult to obtain good characteristics as ex-
pected while maintaining high yield. This point has
been considered in the prior art to be a problem con-
cerning semiconductor functional element, formation,
and necessarily importance has been placed on im-
provement in the process for formation of semiconduc-
tor functional element. That is, it has been strongly
recognized that determining how to form the element
capable of good actuation stably and with good repro-
ducibility should be the way of improving the yield.

However, as the result of detailed studies of the ele-
ment structure or element formation process by the

present inventors, it has been found that the yield can be
- greatly improved, and the performance also improved,
by constituting the electrode structure.

FIGS. 11A, 11B and 11C are schematic views for
illustration of the structure of MOSFET of the prior art
example as described above, which correspond respec-
tively the perspective view, the top view and the sec-
tional view. |

In the n type semiconductor substrate 1, P type wells
are formed, and n+ type source-drain regions 3, 4 are
formed at intervals therein. On this semiconductor sub-
strate, an insulation film 8 is formed, and at the portions
corresponding to source-drain, contact holes CH are
respectively formed by etching. Also, between the
source and drain, a gate electrode § is arranged.

Within the contact hole CH and on a part of the
insulation film 8, Al, which becomes the source-drain
electrode and the source-drain electrode wiring is
formed as shown by deposition patterning.

 The structure of the Al electrode within the contact
hole will now be described. |

The contact hole CH has a rectangular opening with
a shorter width w and a longer length 1 according to the
design of the mask for etching, and its depth h corre-
sponds to the thickness of the insulation film on the
source-drain regions 3, 4. |

In such constitution of the prior art, in view of the
step coverage at the edge portion or the mask slippage,
usual representative values are made 0.5 to 1.0 um for
M, 0.5t0 1.0 um for N, 0.5 to 1.0 um for w of the open-
ing, 0.5 to several um for 1 and 0.5 to 0.8 um for h.
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However, in a semiconductor device having the elec-
trode structure of the prior art as in the example as
described above, even if the gate length can be made
small to submicron order (0.1 um order) by finer forma-
tion, M could be made only as small as 1 pum as the
smallest. Because of the problems such as step coverage
and mask slippage, when it is attempted to make M
smaller than this, the yield of the semiconductor will
become extremely poor. |

Thus, according to the findings by the present inven-
tors, it has been found that one of the factors which has
remarkable effects for speedup of the finer semiconduc-
tor device or correspondence to large current driving
for that purpose is the distance M between the above-

‘mentioned control electrode and the main electrode,

and this point should be improved and also other para-
sitic capacity and parasitic resistance should be reduced.
As a transistor in which only the point of M has been
improved, there is a structure of SST (Super Selfalign
Transistor) as shown in FIG. 12.
Here, a base electrode 1120 comprising a polysilicon
doped with boron (B) and an emitter electrode compris-

ing polysilicon doped with arsenic (As) are constituted

proximate to each other. However, because the elec-
trode 1s constituted of a polysilicon and the contact
portion between the electrode and the base wiring 1122
must at a position apart from the base region 1114, there
are technical tasks to be solved to avoid difficulty in
providing an increase of base resistance and overall
finer formation.

In this Figure, 1111 is a semiconductor substrate,
1112 an n+* collector embodding layer, 1113 an n—

collector layer, 1114 a P base layer, 1115 a P+ base

layer, 1116 an n+ emitter layer, 1117 an n+ collector
layer, 1118 an n+ layer, 1119 a polysilicon collector
electrode, 1120 a polysilicon base electrode, 1121 a
polysilicon emitter electrode, 1122 an Al base wiring,
1123 an Al collector wiring, 1130 a field insulation film,
and 1131, 1132, 1133 are insulation films.

SUMMARY OF THE INVENTION

The present invention has been accomplished in
order to solve the technical task as described above, and
provides an electrode for a semiconductor element
which is made fine and also capable of high speed driv-
Ing, and a semiconductor device having said electrode
and a process for a producing the same. |

Another object of the present invention is to provide
an electrode for semiconductor element which can give
high yield even when finely worked, and also is suitable
for high speed driving and large current driving.

Still another object of the present invention is to
provide a semiconductor device which can give high
production yield even when highly integrated, and also
s reduced in parasitic resistance and parasitic capacity
between the electrodes. |

Still another object of the present invention is to
provide a process for preparing a semiconductor device
which is suitable for providing a semiconductor device
as mentioned above and is also small in preparation cost.

A constitution for accomplishing the object of the
present invention is an electrode for a semiconductor
element to be directly connected to the semiconductor
region of a semiconductor element which is substan-
tially shaped in a rectangular column, characterized in
that, when the length of one side of the surface in

contact with the semiconductor region in said electrode

1s defined as L, the length of the other side as W, and the
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length in the direction substantially perpendicular to
said surface as H, said L, W, H satisfy the relationship of
L>H>W,

Also, another constitution for accomplishing the ob-
ject of the present invention is a semiconductor device
comprising a semiconductor element formed on the
major surface of a semiconductor substrate and an elec-
trode connected through a contact hole of an insulation
film provided on said major surface, characterized in

that said contact hole has a substantially rectangular
opening, and when the length of one side of the surface

in contact with the semiconductor region in said elec-
trode is defined as L, the length of the other side as W,
and the length in the direction substantially perpendicu-
lar to said surface as H, said L, W, H satisfy the relation-
shipof L>H>W.

Further, still another constitution for accomplishing
the object of the present invention is a process for pre-
paring a semiconductor device comprising a semicon-
ductor element formed on the major surface of a semi-
conductor substrate and an electrode connected
through a contact hole of an insulation film provided on
said major surface, comprising the steps of forming a
contact hole wherein when the length of one side of the
opening 1n said contact hole is defined as L, the length
of the other side as W, and the length, in the direction
substantially perpendicular to said surface as H, said L,
W, H satisfy the relationship of L > H > W; and deposit-
ing a conductor of Al or composed mainly of Al within
said contact hole by CVD method utilizing at least a gas
of an alkylaluminum hydride and hydrogen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1E are schematic views for illustration
of the structure of the electrode for semiconductor
according to the present invention;

FIG. 2 through FIG. § are schematic views for illus-
tration of the preparation device suitable for prepara-
tion of the semiconductor device according to the pres-
ent invention;

FIGS. 6A to 6D are schematic views for illustration
of an electrode and a wiring forming method suitable
for the process for preparing the semiconductor device
according to the present invention:;

FIGS. 7TA to 7C are schematic views for illustration
of the semiconductor device according to the first Ex-
ample of the present invention;

FIGS. 8A to 8F schematic sectional views showing
the process for preparing the semiconductor device
shown in FIG. 7;

FIGS. 9A to 9C are schematic sectional views of the
semiconductor device according to the second Example
of the present invention;

FI1GS. 10A to 10C are schematic sectional views for
illustration of the process for preparing the semiconduc-
tor device shown in FIG. 9: and

FIG. 11A to 12 are schematic sectional views for
iliustration of the semiconductor device of the prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are
as described below. That is, of the conductor portions
to be used for the semiconductor element, namely elec-
trodes and wirings, particularly the portion formed in
direct contact with the semiconductor region (this is
called electrode for the purpose of convenience) has a
substantially rectangular columnar shape, of which
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when the length of one side of the surface'in contact
with the semiconductor region in said electrode is de-
fined as L, the length of the other side as W, and the
length in the direction substantially perpendicular to
said surface as H, the electrode is constituted so that the

L, W, H satisfy the relationship of the following for-
mula:

L>H>W.

FIG. 1 is a schematic view for illustration of the
electrode structure as a preferable embodiment accord-
Ing to the present invention, (A) corresponding to its
perspective view, (B) top view and (C) sectional view.

The electrode 106 has a rectangular shape in a col-
umn with a length of L, a width of W and a height of H,
and 1s arranged in direct contact on the semiconductor
region 103 provided on the major surface of the semi-
conductor substrate 101 and covered with an insulation
film 110.

The electrode structure can improve its performance
with the source-drain electrode employing the above
constitution in the case a MOSFET, while particularly
the base-emitter electrode, etc. taking such constitution
in the case of bipolar transistor. -

Particularly, it is preferably applicable to MOSFET
with a gate length of 0.8 um or less or the control elec-
trodes (gate, base electrodes) of a bipolar transistor
driven at high speed at a current density of 104A/cm2or
higher, specifically 104 to 10° A/cm?2 or main electrodes
(source, drain, collector, and emitter electrodes). Also,
it is an electrode structure particularly suitable for a
semiconductor device which is required to be driven at
a high speed of 50 MHz or higher. |

Thus, 1n the case of a FET, resistance and capaci-
tance for main electrodes become smaller, and also the
distance (M) between the main electrodes and the con-
trol electrodes becomes smaller, and therefore it is suit-
able for fine formation, speed-up, while in the case of
bipolar transistor, the base resistance and the capaci-
tance between base and emitter become smaller,
whereby the emitter clouding effect is smaller to be-
come suitable for fine formation, speed-up, and that
effect will become further marked in high speed driving
of 100 MHz or higher. |

To describe in detail the electrode structure accord-
Ing to the present invention, it can be obtained by speci-
fying the thickness of the insulation layer provided on
the semiconductor region for making contact with the
semiconductor region and the opening shape of the
contact hole formed there.

More specifically, the thickness (H) of the insulation
layer at the portion where the contact hole is formed is

- made 0.5 to 0.8 pm, the length of the longer side (L) of

55

635

the contact hole opening 1 to some 10 um and the
length of the shorter side (W) 0.1 to 0.5 um to form a
contact hole which also satisfies L>H>W, and an
electroconductive material constituting an electrode is
formed by embedding by the sputtering method, the
CVD method, etc. to form the electrode.

In the electrode structure, a barrier metal such as
TiW, TiN, etc. may be interposed between that and the
semiconductor region, or it may be directly contacted
with the semiconductor region without use of a barrier
metal.

As the deposition method of the electroconductive
material in that case, tungsten (W), molybdenum (Mo),
copper (Cu) may be deposited, but it is preferable use a



S
deposition method of an electroconductive material of
Al or composed mainly of Al according to the CVD
method by use of an alkylaluminum hydride gas and
hydrogen gas (hereinafter called AI-CVD method) as
- described below. _

As the insulation layer, either a single layer or plural-
ity of layers laminated may be employed, and an inor-
ganic material such as silicon oxide, silicon nitride, etc.
‘Oor an organic material such as polyimide, SOG, etc.
may be employed. | |

Further, the shape of the contact hole may be one
including a substantially square columnar shape, and
~even if a rectangular body may have one or more of the
- four comers of the opening which became rounded in
the course of the process steps such as patterning, it is
included within the category of the present invention.

More specifically, as shown in FIGS. 1D and 1E, L,
W, H may be in the relationship as specified in the pres-
ent invention.

For example, a substantially rectangular body is one
having the four edge portions which are rounded as
shown in FIG. 1D, and also the x at the upper part
shghtly larger than W as shown in FIG. 1E is included.

As described above, according to the electrode struc-
ture of the present invention, the main electrode-control
electrode inter-electrode distance can be made smaller
- as about some 100 to some 1000 A as contrasted with
that of the prior art which was said to be about 1 to
several um without lowering the yield of adjoining
semiconductor devices.

Film forming method

A film forming method suitable for formation of the
electrode according to the present invention is de-
scribed below. |

This method 1s a film forming method suitable for
embedding an electroconductive material in the contact
hole with the relationship of L >H > W for forming the
- electrode having the constitution as described above.

The film forming method suitable for the present
invention forms selectively a deposited film through the
surface reaction on an electron donative substrate by
use of an alkylaluminum hydride gas and hydrogen gas
(hereinafter called the AI-CVD method).

Particularly, by use of monomethylaluminum hy-
dride (MMAH) or dimethylaluminum hydride
(DMAH) as the starting gas, and H; gas as the reactive
gas, the substrate surface can be heated under a gas
mixture of these to deposit an Al film of good guality.
Here, during Al selective deposition, it is preferable to
maintain the surface temperature of the substrate at not
higher than the decomposition temperature of the alkyl-
‘aluminum hydride to less than 450° C. direct heating or
indirect heating, more preferably 260° C. to 440° C.

As the method for heating the substrate to the above
temperature range as far as possible, there are directly
heating and indirect heating, but by maintaining the
substrate at the above temperature by direct heating, an
Al film of good quality can be formed at a high deposi-
‘tion speed. For example, when the substrate surface
temperature is made 260° C. to 440° C. which is a more
preferable temperature range, a film of good quality can
be obtained at a higher deposition speed as 3000 A to
5000 A/min. than in the case of resistance heating. As
such direct heating method (the substrate itself is heated
by transmission of the energy from the heating means
~ directly to the substrate), for example, lamp heating by
halogen lamp, xenon lamp, etc. may be employed. On

10
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the other hand, as the method of indirect heating, there
Is resistance heating, and it can be practiced by use of a
heating member, etc. provided at the substrate support-

-ing member arranged in the space for formation of the

deposited film for supporting the substrate on which the
deposited film is to be formed.

By applying the CVD method to the substrate where
the electron donative surface portion and non-electron
donative surface portion exist according to this method,
a single crystal of Al is formed under good selectivity
only on the electron donative substrate surface portion.
Such Al has all excellent characteristics demanded for

~ electrode/wiring materials. More specifically, reduc-
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tion of probability of hillocks generated, reduction of
probability of alloy spike can be accomplished.

This may be considered to be due to the fact that Al
of good quality can be selectively formed on the surface

‘comprising a semiconductor or conductor as the elec-

tron-donative and also the Al is excellent in crystallin-
ity, whereby there is substantially no or extremely little
formation of alloy spike, etc. through eutectic reaction
with silicon of the subbing layer, etc. And, when em-
ployed as the electrode for the semiconductor device,
an effect surpassing the concept of Al electrode con-
templated in the prior art, which could not be even
predicted at all in the prior art, can be obtained.
Having described above about the fact that Al depos-
ited within an opening with a semiconductor substrate
surface exposed formed on the electron donative sur-

face such as insulation film, it is also possible to form a
- metal film composed mainly of Al as described below

according to the AI-CVD method, and its film quality
also exhibits excellent characteristics.

For example, in addition to alkylaluminum hydride
gas and hydrogen, there may be also introduced:
- gases containing Si atom such as SiH,, SizHg, SizHg,
Si(CH3)4, SiCls, SiH,Cly, SiHCI; or the like:

gases containing Ti atom such as TiCls, TiBra,
Ti(CH3)4 or the like:

gases containing Cu atom such as copper bisacety-
lacetonate Cu(CsH70,), copper bisdipivaloylmetha-
nite Cu(C11H903)2, copper bishexafluoroacetylaceton-
ate Cu(CsHF¢O3); or the like; in a suitable combination
to make up a gaseous mixture atmosphere to deposit

‘selectively an electroconductive material such as AI-Si,
Al-Th, AI-C, Al-Si-Ti, Al-Si-Cu, etc., thereby forming

an electrode.

The above-mentioned Al-CVD method is also a film
forming method excellent in selectivity, and also the
film deposited has good surface characteristics, and
therefore by forming a metal film of Al or composed
mainly of Al also on SiO;, etc. as the Al film and insula-
tion film selectively deposited as described above by
apphcation of the non-selective film forming method
for the subsequent deposition step, a metal film suitable
of high general purpose applicability as the wiring for
the semiconductor device can be obtained.

Such metal film may include specifically those as
mentioned below. That is, it is a combination of Al
Al-Si1, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu selectively se-
lected with Al, Al-Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu
non-selectively deposited, etc.

As the film-forming method for non-selective deposi-
tion there may be included the CVD method or the

sputtering method other than the AI-CVD method as
described above.
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Film forming apparatus

Next, a film forming apparatus suitable formation of
the electrode according to the present invention is de-
scribed.

FIG. 2 to FIG. 4 show a metal film continuous form-
ing apparatus suitable for applying the film forming
method as described above.

The metal film continuous forming apparatus is con-

stituted of the chambers connected in series com-
municatably mutually to one another through the gate
valves 310a to 310/ under shut-out of outer air, namely
a load lock chamber 311, a CVD reaction chamber 312
as the first film forming chamber, an Rf etching cham-
ber 313, a sputtering chamber 314 as the second film
forming chamber and a load lock chamber 315, and the
respective chambers are constituted reducible in pres-
sure by discharging through the discharging systems
316a to 316¢, respectively. Here, the above-mentioned
load lock chamber 311 1s a chamber for replacing the
substrate atmosphere before deposition treatment with
H, atmosphere after discharging in order to improve
throughput charactenstic. The next CVD reaction
chamber 312 1s a chamber to effect selective deposition
on the substrate according to the above-described Al-
CVD method under normal pressure or reduced pres-
sure, which is internally provided with a substrate
holder 318 having a heat-generating resistor 317 which
can heat the substrate surface to form a film thereon
within a range from at least 200° C. to 450° C,, and is
constituted so that a starting gas such as alkylaluminum
hydride, etc. gasified by bubbling with hydrogen by a
bubbler 319-1 through the starting gas introducing line
319 for CVD may be introduced, and also hydrogen gas
as the reaction gas introduced through the gas line 319'.
The next Rf etching chamber 313 is a chamber for per-
forming cleaning (etching) of the substrate surface
under an Ar atmosphere after selective deposition,
which is internally provided with a substrate holder 320
heatable within a range from at least 100° C. to 250° C.
and an electrode line 321 for Rf etching, and also con-
nected to the Ar gas feeding line 322. The next sputter-
ing chamber 314 1s a chamber for depositing nonselec-
tively a metal film by sputtering under an Ar atmo-
sphere on the substrate surface, which is provided inter-
nally with a substrate holder 323 heated within a range
from at least 200° C. to 250° C. and a target electrode
324 for mounting the sputtering target material 324q,
and also connected to an Ar gas feeding line 325. The
final load lock chamber 313 is a control chamber prior
to ejecting the substrate after completion of deposition
of metal film into outer air, and is constituted so as to
replace the atmosphere with No.

FIG. 3 shows another constitutional example of a
metal continuous film forming apparatus suitable for
application of the film forming method as described
above, and the same portions as those in FIG. 2 are
shown by the same symbols. The difference of the appa-
ratus in FIG. 3 from that in FIG. 2 is that a halogen
lamp 330 is provided as the direct heating means and the
substrate surface can be directly heated, and for that
purpose, a nail 331 for holding the substrate under the
state hfted up is arranged within the substrate holder
312.

By heating directly the substrate surface with such
constitution, the deposition speed can be further im-
proved.

S
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The metal film continuous metal film forming appara-
tus with the constitution as described above, as shown
in FIG. 4, is substantially equivalent to one having the
structure 1 which the above load lock chamber 311,
CVD reaction chamber 312, the Rf etching chamber
313, the sputtering chamber 314 and the load lock
chamber 315 are joined to each other through the con-

veying chamber 326 as the relay chamber. In this consti-
tution, the load lock chamber 311 functions also as the

load lock chamber 315. In the above conveying cham-
ber 326, as shown in the Figure, an arm 327 as the con-
veying means is provided reversibly rotatable in the AA
direction and stretchable in the BB direction is pro-
vided, and by the arm 327, as shown by the arrowhead
in FIG. 5, the substrate can be moved continuously
without exposure to outer air successively from the load
lock chamber 311 to the CVD chamber 312, the Rf

etching chamber 313, the sputtering chamber 314, the

load lock chamber 3185.

Film forming procedure

The film forming procedure for forming the elec-
trode and wiring according to the present invention is
described.

FIG. 6 is a schematic perspective view for illustration
of the film forming procedure of the electrode and
wiring according to the present invention.

First, the outline is described. A semiconductor sub-
strate with an opening formed on an insulation film is
prepared, and the substrate is arranged in the film form-
ing chamber and its surface is maintained at 260° C. to
450° C. to deposit selectively Al at the portion where
the semiconductor is exposed within the opening ac-
cording to the hot CVD method in a mixed atmosphere
of DMAH gas as alkylaluminum hydride and hydrogen
gas. Of course, as described above, by introducing a gas
contamning Si atoms, etc., a metal film composed mainly
of Al such as Al-Si, etc. may be also deposited. Next, on
Al selectively deposited and the insulation film, a metal
film of Al or composed mainly of Al is non-selectively
deposited. Then, by subjecting the metal film nonselec-
tively deposited to patterning to a desired wiring shape,
electrodes and wiring can be formed.

Next, by referring to FIG. 3 and FIG. 6, the proce-
dure inclusive of the remarkable effect of the Al-CVD
method is described in detail.

First, a substrate is prepared, as the substrate, for
example, one having an insulation film with openings of
respective sizes provided on a single crystalline Si wafer
is prepared.

FIG. 6B is a schematic view showing a part of the
substrate. Here, 401 is a single crystalline silicon sub-
strate as the conductive substrate, 402 a thermally oxi-
dized silicon film as the insulation film (layer). 403 and
404 are openings (exposed portions), which are different
in size from each other.

The procedure for forming an Al film which becomes
the electrode as the first wiring layer on the substrate is
as described below by referring to FIG. 3.

The substrate as described above is arranged in the
load lock chamber 311. Into the load lock chamber 311
1s introduced hydrogen as described above to make it
under hydrogen atmosphere. And, through the evacua-
tion system 3165, the reaction chamber 312 is evacuated
to substantially 1X 10—8 Torr. However, a film of Al
can be formed even if the vacuum degree within the
reaction chamber 312 may be worse than 1 X 10—8 Torr.
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And, the gas of DMAH subjected to bubbling from
the gas line 319 is fed. For the carrier gas through the
DMAH, H; is employed.

- The second gas line 319’ is for H, as the reaction gas,

and through the second gas line 319’, H; is permitted to
flow, and the pressure within the reaction chamber 312
_is controlled to a predetermined value by controlling
the opening of the slow leak valve not shown. A typical
pressure in this case may be preferably about 1.5 Torr.
Through the DMAH line, DMAS is introduced into the
reaction tube. The total pressure is made approximately
1.5 Torr, and the DMAH partial pressure approxi-
mately 5.0X10—3 Torr. Then, the wafer is directly
heated by current passage through the halogen lamp
330. Thus, Al is selectively deposited.

After elapse of a predetermined deposition time, feed-
‘ing of DMAH is stopped once. The predetermined
deposition time of the Al film deposited in this process
means the time until the thickness of the Al film on Si
(single crystalline silicon substrate 1) becomes equal to
that of SiO; (thermally oxidized silicon film 2), which
can be previously determined by an experiment.

The temperature of the substrate surface by direct
heating at this time is made about 270° C: According to
the steps up to this step, an Al film 405 is selectively
deposited within the opening as shown in FIG. 6B.

The step as described above is called the first film
forming step for forming the electrode. |

After the first film forming step as described above,
the CVD reaction chamber 312 is evacuated by the
evacuation system 316b to a vacuum degree of 5 10—3
- Torr or lower. At the same time, the Rf etching cham-
ber 313 1s evacuated to 5X 10—¢ Torr or lower. After
confirmation that the both chambers have reached the
above vacuum degrees, the gate valve 310c is opened,
the substrate is moved by a conveying means from the
CVD reaction chamber 312 to the Rf etching chamber
313, and the gate valve 310c is closed. The substrate is
conveyed to the Rf etching chamber 313, and the Rf
etching chamber 313 is evacuated until the vacuum
degree reaches 10— Torr or lower by the evacuation
system 316c. Then, argon is fed through the argon feed-
ing line 322 for Rf etching, and the Rf etching chamber
313 is maintained in an argon atmosphere of 10—1to 10
Torr. With the substrate holder 320 for Rf etching
maintained at about 200° C., Rf power of 100 W is
supplied to the electrode 321 for Rf etching for about 60
‘seconds to excite discharging of argon in the Rf etching
chamber 313. By doing so, the surface of the substrate
can be etched with argon ions to remove unnecessary
surface layer of the CVD deposited film. The etching
depth in this case is made about 100 A corresponding to
the oxide. Here, surface etching of the CVD deposited
film was effected in the Rf etching chamber, but since
the surface layer of the CVD film on the substrate con-
veyed through vacuum contains no oxygen in air, etc.,
no Rf etching may be effected. In that case, the Rf
etching chamber 313, when the temperature difference
between the CVD reaction chamber 312 and the sput-
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ture changing chamber for effecting temperature
change within a short time.

In the Rf etching chamber 313, after completion of Rf
etching, inflow of argon is stopped and argon in the Rf

etching chamber 313 is discharged. The Rf etching

chamber 313 is discharged to 5X10-6 Torr, and the
sputtering chamber 314 is evacuated to 5 X 10—-6 Torr or
loer, followed by opening of the gate valve 3104. Then,
the substrate is moved by use of a conveying means
from the Rf etching chamber 313 to the sputtering
chamber 314 and the gate valve 3104 is closed.

After the substrate is conveyed to the sputtering
chamber 314, the sputtering chamber 314 is made under
an argon atmosphere of 10—! to 10—3 Torr similarly as
the Rf etching chamber 313, and the temperature of the
substrate holder 323 on which the substrate is placed is
set to about 200° to 250° C. And, at a DC power of 5 to
10 kw, discharging of argon is effected to scrape a tar-
get material such as Al or Al-Si (8i:0.5%) with argon
10ns to form a film of a metal such as Al or Al-Si at a
deposition speed of 10000 A /min on the substrate. This
step is a non-selective deposition step. This is called the
second film forming step for formation of the wiring to-
be connected to the electrode. |

After formation of the metal film of about 5000 A on
the substrate, inflow of argon and application of DC
power are stopped. After the load lock chamber 311 is
evacuated to 5X10—3 Torr, the gate value 310¢ is
opened to move the substrate. After closing of the gate
valve 310e, N> gas is introduced into the load lock
chamber 311 to atmospheric, and the substrate is taken
out of the apparatus by opening the gate valve 310/

According to the second film forming step as de-
scribed above, an Al film 406 can be formed on the
S10; film 402 as shown in FIG. 6C.

And, by subjecting the Al film 406 to patterning as
shown in FIG. 6D, a wiring of a desired shape can be
obtained.

In the following, description is made about that the
above-described Al-CVD method is an excellent film
forming method and also how the Al deposited within
the opening is a film of good quality based on the exper-
imental results. |

First, as the substrate, there were prepared a plurality
of substrates having SiO of 8000 A formed by thermal

oxidation of the surface of an N type single crystalline

silicon wafer and openings of various sizes from 0.25
um X 0.25 pm to 100 um X 100 wm patterned to have
the Si single crystal of the subbing layer exposed. (Sam-
ple 1-1)

- These were employed for formation of Al film ac-
cording to the Al-CVD method according to the condi-
tions described below. Under the common conditions of
the starting gas of DMAH, hydrogen gas as the reaction
gas, the total pressure of 1.5 Torr, the DMAH partial
pressure of 5.0X 10~3 Torr, the power amount for cur-
rent passage through the halogen lamp was controlled
and film formation was conducted by direct heating at
a substrate surface temperature set within the range

tering chamber_ 314 is great, functions as the tempera- 60 from 200° C. to 490° C.

The results are shown in Table 1.

TABLE 1

200 230 250 260 270

Deposition temper-
ature (A/min.)

Substrate surface temperature (°C.
280

350 400 440 450 460 470 490

300 480

e 1000~ 1500 9 %—“3000-“5000———“-%
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TABLE 1-continued

. Substrate surface temperature (°C.)

230 250

Throughput
(sheet/hour)

Line defect of Si

270 - 280

300 350 400 440 450 460 470 480

490

T | —> E— e 1530 —_———

€——————— Not recognized _— - _—_— ™ -
«<——~—————— Not detected - __—_——_——————

Carbon content

Resistivity

Reflectance

€D —— S

€85~ —> €———— N~ ——> € ) ————>

Density of 1 um or
more hillocks
(cm—2)

Spike generation
(%) (breaking prob-
ability of 0.15 um
junction)

As can be seen from Table 1, at a substrate surface
temperature of 260° C. or higher by direct heating, Al
was deposited selectively at a high deposition speed of
300 to 5000 A/min. within the opening. |

When the characteristics of the Al film within the
opening in the range of substrate surface temperature

from 260° C. to 440° C. are examined, no carbon was 30

contained, and the characteristics were found to be
good with a resistivity of 2.8 to 3.4 ufdcm, a reflectance
of 90 to 95%, a density of hillocks of 1 um or more of
0 to 10, and substantially no spike generation (breaking
probability of 0.15 um junction).

In contrast, at a substrate surface temperature of 200°
C. to 250° C,, the film quality was slightly inferior as
compared with the case of 260° C. to 440° C. and the
film obtained is considerably better as compared with
those obtained in the prior art, but the deposition speed
was 1000 to 1500 A/min which can never be appreci-
ated as sufficiently high, and the throughput was also 7
to 10 sheets/H.

When the substrate surface temperature is 450° C. or

25

35

higher, the reflectance is 60% or less, the density of 45

hillocks of 1 um or higher 10 to 10* cm—2, the alloy
spike generation O to 30%, whereby the characteristics
of the Al film within the openings were lowered.

Next, description is made about how the method as
described above can be suitably used for openings such
as contact hole or thru-hole.

That 1s, it can be preferably applied to contact hole/-
thru-hole structures comprising ‘the materials as de-
scribed below. |

Al films were formed on the substrate (sample) hav-
ing the constitution as described below under the same
conditions as in film formation of Al bn Sample 1-1 as
described above.

On the single crystalline silicon as the first substrate

surface material a silicon oxide film was formed as the 60

second surface material according to the CVD method,
subjected to patterning according to the photolitho-
graphic steps to have the single crystalline silicone sur-
face partially exposed.

The thermally oxidized SiO; film at this time had a
film thickness of 8000 A, and a size of the exposed por-
tion of single crystalline silicon namely an opening of
0.25 um X 0.25 um to 100 um X 100 um. Thus, Sample

50

35

65

€D ——> €010 ——>

<~ — >y e —>

1-2 was prepared (hereinafter such sample is written as
“CVD SiO; (hereinafter abbreviated as SiO;)/single
crystalline silicon).

Sample 1-3 is an oxidized film doped with boron
(hereinafter abbreviated as BSG) formed by normal
pressure CVD/single crystalline silicon.

Sample 1-4 is an oxidized film doped with phosphorus
formed by normal pressure CVD (hereinafter called
PSG)/single crystalline silicon.

Sample 1-§ is an oxidized film doped with phosphorus
and boron formed by normal pressure CVD (hereinaf-
ter abbreviated as BSPG)/single crystalline silicon.

Sample 1-6 is a nitride film formed by plasma CVD
(hereinafter called P-SiN)/single crystalline silicon.

Sample 1-7 is a nitride film formed by plasma CVD
(hereinafter abbreviated as Ti-SiN)/single crystalline.

Sample 1-8 is a nitride film formed by reduced pres-
sure CVD (hereinafter abbreviated as LP-SiN)/single
crystalline silicon.

Sample 1-9 is a nitride film formed by ECR apparatus
(hereinafter abbreviated as ECR-SiN)/single crystalline
silicon.

Further, according to the total combinations of the
substrate surface materials (18 kinds) and the second
substrate surface materials (9 kinds), samples 1-11 to
1-179 (note: sample numbers 1-10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120, 130, 140, 150, 160, 170 are defec-
tive). As the first substrate surface material, single crys-
talline silicon (single crystalline Si), polycrystalline
silicon (polycrystalline Si), amorphous silicon (amor-
phous 8i), tungsten (W), molybdenum (Mo), tantalum
(Ta), tungsten silicide (WSi), titanium silicide (T1S1),
aluminum (Al), aluminum silicon (Al-Si), titanium alu-
minum (Al-Ti), titanium nitride (T 1-N), copper (Cu),
aluminium silicon copper (Al-Si-Cu), aluminum palla-
dium (Al-Pd), titanium (Ti), molybdenum silicide (Mo-
S1), tantalum silicide (Ta-Si) were employed. As the
second substrate surface material, T-810,, Si0O,y, BSG,
PSG, BPSG, P-SiN, T-SiN, LP-SiN, ECR-SIiN may be

. employed. Also, for all of the samples as mentioned

above, good Al films comparable with the sample 1-1
could be formed.
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Next, on the substrate having Al selectively depos-
ited as described above, Al was deposited nonselec-
tively according to the sputtering method and then
subjected to patterning. o

As the result, of the Al film according to the sputter-
ing method and the Al film selectively deposited within
the opening, the Al film within the opening was better
due to good surface characteristic, and also the contact
state was high in both electrical and mechanical durabil-
1ty. I

As described above, the AI-CVD method can form a
good film which could not be accomplished according
to the film forming technique of the prior art in the
semiconductor production process.

‘First Example

- In the following, the present invention is described by
referring to MOSFET which one insulation gate type
transistors as the semiconductor device having the elec-
trode structure according to the present invention.

FIG. 7A is a schematic perspective view of MOS-
FET according to this Example, FIG. 7B its schematic
top view, and FIG. 7C its schematic sectional view.

In FIGS. 7A and 7B, the insulation layer is omitted,
and also in FIG. 7A, source-drain wirings 506’, 507 are
also omitted. |

The element region enclosed within a field insulation
film 509 comprising silicon oxide formed by the selec-
tive oxidation method on the major surface side of an n
type single crystalline Si substrate 501, source and drain
regions 503, 504 are formed within p— well 502. On the
intermediate portion, namely the channel region, a gate
electrode with a gate length of 0.8 um comprising a

polysilicon is arranged through a gate insulation film to
- form the basic structure of MOSFET.

And, on the basic structure is formed a silicon oxide -

film 510 as the interlayer insulation film. The layer
thickness at the portion where the contact hole for the
insulation film 509 and the insulation film 510 is made
0.8 um. And, for obtaining the electrode structure ac-
cording to the present invention, W of the opening of
the contact hole CHI is made by mask design 0.1 um
and L 1 um. |
- Within the contact hole CH! thus formed, source-
drain electrodes 506, 507 comprising a single crystalline
Al are formed according to the Al-CVD method as
described above, and a source-drain wirings for insula-
tion from these electrodes 506, 507 are formed thereon.
Thus, in this Example, the relationship of L>H>SW
1s valid. |
- According to this Example, the distance M between
the gate electrode and the source-drain electrodes can
be approached as 200 A. The length N of the source-
drain wiring 506, 507 protruded from the gate elec-
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trode 505. And, by ion injection of phosphorus, source-
drain regions 503, 504 were formed by self-aligning
with the gate as the mask (see FIG. 8B).

According to the normal pressure CVD method uti-
lizing primarily O3 and TEOS, a BPSG film 510 was
formed as the insulation film. The total layer thickness
of the insulation films on the source-drain regions 503,
504 was made 0.8 um (see FIG. 8C).

According to RIE (Reaction ion etching), a contact
hole CHI having an opened surface with W=0.] um,
L=1 pm was formed (see FIG. 8D).

According to the Al-CVD method as described
above, namely in a mixed atmosphere of DMAH as the

~starting gas and hydrogen as the reactive gas, while

maintaining the substrate temperature at 260° to 270° C.,
Al was deposited selectively only within the contact
hole by the hot CVD method to form rectangular elec-

trodes 506, 507 consisted of single crystalline Al. The

surface of the electrode was excellent in flatness (FIG.
8E).

Although not shown, TiN as the subbing layer is

‘formed to about 1000 A on the insulation film 510 and

the electrodes, 506, 507, and Al-Si-Cu was again depos-
ited thereon by use of the A1-CVD method as described
above, which then subjected to patterning to form wir-
ing 506', 507’ (see FIG. 8F). '-

Here, since TiN which is the subbing layer is an elec-
tron donative surface, crystalline Al could be formed
according to the Al-CVD method. Here, for forming
wirings 506, 507’ irrespectively of whether the subbing
layer is present or not, a metal film of Al or composed
mainly of Al may be also formed nonselectively utiliz-
ing the sputtering method as described above.

Second Example

In the following, the present invention is described by
referring to a bipolar transistor as an example of the
semiconductor device having the electrode structure

~according to the present invention.

FIG. 9A is a schematic perspective view of the bipo-

- lar transistor according to this Example, FIG. 9B a

45

50

trode side from the source-drain electrodes 506, 507 of 55

about 10 A, which serves to reduction of parasitic ca-
pacity. | |

Description of Preparation Process

Now, the process for preparing the MOSFET ac-
cording to the first Example is described. -

An n type single crystalline Si substrate is prepared,
and a P— type semiconductor region (P— well) 502 was
formed. Here, MSK is a mask (see FIG. 8A).

A field insulation film 509 is formed according to the
~ selective oxidation method to sectionalize a semicon-
ductor element forming region. Next, the polysilicon is
subjected to deposition patterning to form a gate elec-
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schematic top view of the bipolar transistor according
to this Example, FIG. 9C a schematic sectional view of
the bipolar transistor according to this Example. In
F1G. 9A, wirings and insulation layer are omitted.

On the major surface side of the semiconductor sub-
strate, are formed P type base region 202, n+ type emit-
ter region 203, and base electrodes 206, 207 comprising
single crystalline Al and emitter electrode 205 compris-
Ing single crystalline Al are provided thereon.

Here, collector electrode is omitted. And, 201, 211
are insulation films. 205’ is emitter wiring, and 206’, 207’
are base wirings. Here, the length of one of the base
electrodes has a length L of 20 um, a width W of 0.5 jim
and a height H of 0.8 um, and the same is the case with
the other 207. | : |

In the emitter electrode 205, W, H are the same as
those of the base electrode, and only the length L is 22
pum, and connection to the base wiring 205’ is made
easier by making it longer than that of the base elec-
trode.

The shape of such electrode is determined by specify-
ing the length and width of the opened surface of the
contact hole and its depth similarly as in the first Exam-
ple. _

In this Example, by employment of the above consti-
tution, the base-emitter interelectrode distance can be
made smaller to about 5000 A, further to 100 A. There-
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fore, the capacitance Cbe between base and emitter
becomes smaller, whereby a bipolar transistor capable
of high speed actuation can be obtained.

Description of Preparation Process

In the following, description is made about the pro-
cess for preparing the bipolar transistor according to
the second Example as described above.

First, on a single crystalline Si substrate, an n— type
collector region 201 was formed by epitaxial growth.
On 1ts major surface side was formed by ion injection a
P type base region 202. Further, in that region was
formed an n+ type emitter region 203. On the major
surface of the semiconductor substrate having thus
formed respective semiconductor regions thereon, a
TEOS-Si0 layer as the insulation layer 210 was formed,
and contact holes CH2, CH3 were formed by RIE.
Here, the insulation layer 210 may be also an insulation
film comprising a plurality of insulation layers such as a
combination of thermally oxidized SiO; and BPSG
laminated. Here, CH2 is a contact hole for base elec-
trode having a longer side (L) of 20 um, a shorter side
(W) of 0.5 um and a depth (H) of 0.8 um.

And, CH3 is a contact hole for emitter electrode with
L of 22 um, W of 0.5 um and H of 0.8 um (FIG. 10A).

Next, according to the Al-CVD method as described
above, particularly utilizing DMAH as the starting gas,
hydrogen as the reactive gas, while maintaining the
substrate surface at about 270° C., Al was selectively
deposited within the contact hole according to the hot
CVD method to form base electrodes 206, 207 and an
emitter electrode 205. Here, the surfaces of the elec-
trodes 205, 206, 207 were excellent in flatness (FIG.
10B).

Further, although not shown, TiN film was formed to
some 100 A and subjected to patterning to a desired
wiring shape. And, again on the TiN film subjected to
patterning according to the Al-CVD method as de-
scribed above, particularly the hot CVD method in a
mixed atmosphere of DMAH, hydrogen, SiH4 and bi-
sacetylacetonate copper, Al-Si-Cu was deposited selec-
tively to form base wirings 206, 207’ and an emitter
wiring. On these wirings was formed as the insulation

layer 211 a TEOS-SiO layer (F1G. 10C).

Comparative example

A plural number of MOSFET’s formed according to
the preparation process as described above were pre-
pared.

Sample 1 has a bipolar transistor formed by the prior
art method, with the electrode being made 1>w>h,
h=0.8 pum. Sample 2 is also the same except for
h>1>w, w=0.5 um. Sample 3 is also the same except
for I=h>w, w=0.5 um. Sample 4 is also the same
except for I>h=w, w=1.0 um. Sample 5 is also the
same except for I=h=w, w=0.5 um.

In contrast, a bipolar transistor was prepared accord-
ing to the same preparation process as in the second
Example, and one with the electrode having 1=1 pum,
h=0.5 pm, w=0.1 um is called Sample A, one with
I=1 pm, h=0.8 um and w=0.1 um as Sample B, and
one with I=1 um, h=0.8 um, w=0.5 um as Sample C.

For these Samples 1 to 5 and A to C, yield, high speed
performance, adaptability to large current driving were
evaluated. As the result, as shown below in Table 2,
Samples 1 to 5 were poor in yield because they are not
suttable for fine working, and also become worsened in
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either of high speed performance or large current driv-
ing.

TABLE 2
W
| Adaptability
High speed to large
~ Sample No. Yield performance current driving
A © © ©
B © © ©
C © © ©
] X X X
2 X X
3 X X X
4 X X X
J X X X

As the evaluation method, the following reliability
test was conducted. First, a ring oscillator of 1001
stages comprising a plurality of the transistors of each
sample was constituted, and the propagation delay time
was measured. From the result, those with a yield of
90% or more were rated as (o), and those with above
several % as x.

As to adaptability to large current driving, the experi-
ment of flowing a current set at a current density of 10
A/cm? at the contact portion was conducted, and those
without wire breaking after 1000 hours observed were
rated as A, and those with wire breaking after 500 hours
observed as x.

As to high speed performance, all of samples 1 to 5
could not obtain preferable results due to the influences
by parasitic capacity, parasitic resistance between the
base and emitter.

Further, according to the same preparation process as
In the second Example, Samples 1’ to 5’ having the same
relationships as in Samples 1 to 5. However, although
these were somewhat improved in yield and adaptabil-
ity to large current driving, high speed performance
was still insufficient.

We claim:

1. An electrode for a semiconductor element, said
element having a semiconductor region thereon and
said electrode being directly connected to said semicon-
ductor region, said electrode being substantially rectan-
gular surface in contact with said semiconductor re-
gion, said electrode further providing said element with
a current flowing therethrough,

characterized in that, when a length of said surface is

defined as L, a width of said surface is defined as W
and a height of said electrode perpendicular to said

surface is H, said L, W and H satisfy the relation-
ship:

L>H>W.

2. A semiconductor device comprising a semiconduc-
tor substrate having a major surface, a semiconductor
element formed on said major surface, an insulation film
provided on said major surface except for a contact hole
through said insulation film over said element, and an

electrode extending through said contact hole to

contact said element, said electrode further providing
said element with a current flowing therethrough,
characterized in that said contact hole has a substan-
tially rectangular opening over said element and
said electrode contacts said element over a corre-
sponding substantially rectangular surface such
that, when a length of said rectangular surface is
defined as L, a width of said rectangular surface is
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defined as W and a height of said electrode perpen-
dicular to said rectangular surface is H, said L, W
and H satisfy the relationship:

L>H>W. - >

3. An electrode for a semiconductor element accord-
ing to claim 1, wherein said electrode comprises single
crystalline Al. 10
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4. An electrode for a semiconductor element accord-
ing to claim 1, wherein said electrode comprises a con-
ductor composed mainly of Al S

5. A semiconductor device according to claim 2,
wherein said electrode within said contact hole com-
prises single crystalline Al.

6. A semiconductor device according to claim 2,
wherein said electrode within said contact hole com-

prises a conductor composed mainly of Al.
X % % & %
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